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© Flowmeter for gases. 



© A flowmeter for gases, comprising a rotor (11) 
between two stators (3,3') which consist of deflection 
blades, optical means being provided to detect the 
rotation of the rotor and convert it into an electrical 
output signal. Each of the detector blades of the 
stators has a curved course between an inflow edge 
(7), where the blade face from the hub (9) to the 
periphery runs substantially axially, and an outflow 
edge (8), where the blade forms an angle with the 
axial direction which angle depends on the distance 
from the hub. 

Preferably the blade face is at least partially (18) 
formed by a circular cylindrical face (15/17), the 
central axis (14/14) of said cylinder intersecting the 
central axis (12) of the stator at an angle differing 
^from 90* at such a distance that the central axis of 
<pthe s tator lies in a tangent plane to the cylinder, and 
Oa flat face part (22), passing through the central axis 
^(12) of the stator, connects to the circular cylindrical 
0>part (18) of the stator face up to the inflow edge (7), 
CO the axial measurement of said flat face part (22) 
w decreasing from the hub (9) to the peripheral edge 
0(4). 

n The flowmeter can be cast and presents an 
excellent reproducibility of its features between in- 
dividual units, in the two positions, and it has a great 
dynamic range. 
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Flowmeter for gases 



The invention relates to a flowmeter for gases, 
the sensor of which has a housing which is open at 
two opposite ends for the infeed and discharge of " 
the gases to be measured, and in which a rotor is 
rotatable about an axis between two stators which 
consist of deflection blades which are substantially 
at right angles to the said axis, while optical means 
are present to detect the rotation of the rotor and 
convert it into an electrical output signal. 

Such a flow meter has been used by ap- 
plicants, in particular in various instruments for 
measuring and analysing breathing gases. The 
sensor has a housing which is circular cylindrical. 
The stators are formed by a metal disc in which 
are set a number of blades which are flat per se, 
and which ail lie at an angle relative to axial faces. 
This slanting position is necessary to ensure that 
axial ly inflowing gases can be converted into a 
vortex which is capable of setting the rotor in 
rotation, said rotor being designed as a little vane 
which lies in an axial plane with an axis of rotation 
corresponding to the central axis of the sensor. As 
a result of the sudden deflection undergone by the 
inflowing gases, a flow pattern whose type depends 
to a large extent on the absolute vaiue of the rate 
of flow of the gases is produced. 

It is possible to remove the consequences of 
this through calibration, but the problem then en- 
countered is that the individual sensors do not have 
any reproducible features. They are not even 
bidirectional. Each instrument thus has to be cali- 
brated separately, and the sensor may be placed in 
only one specific position. It is thus not possible to 
compensate for the non-linearities in the features 
by means of hardware or software, because it is 
necessarily identical for all instruments. 

These problems are caused by the fact that for 
the known sensor there is no method of production 
other than by manual labour, whereby the blades 
are fixed individually relative to the little disc for- 
ming the centre piece of each stator, while every- 
thing is moreover glued by hand in the cylindrical 
housing. 

The object of the invention is to improve this 
device in various respects and to produce a flow- 
meter with better reproducibility of the features 
between the individual units and in the two posi- 
tions. All this should also be achieved in such a 
way that the instrument has a very great dynamic 
range. 

In the basic idea the flowmeter according to 
the invention is characterized in that each of the 
stator blades has a curved course between an 
inflow edge, where the blade face from the hub to 
the periphery runs substantially axlally. and an out- 



flow edge, where the blade forms an angle with the 
axial direction which depends on the distance from 
the hub. In this way the most efficient vortex possi- 
ble can be obtained, i.e. a vortex in which all air 
5 particles are as far as possible given the same 
angular speed. In this way a maximum driving 
couple for the rotor (the vane) is achieved. The 
result of the curved shape of the blades and the 
uniformity created in the flow pattern in the vortex 
w downstream of the stator is in particular that no 
tendency to vortex formation is present either at 
the outflow edges of the stator blades are along the 
edges of the rotor. It is in fact such vortices which 
would make a major contribution to an increased 
T5 resistance. 

In the theoretically ideal case of an optimum 
sensitivity characteristic, a double-curved course 
should be selected for the blade. It has, however, 
been found that a very good approximation can be 
20 obtained if the device is designed in such a way 
that the blade face is at least partially formed by a 
circular cylindrical face, the central axis of said 
cylinder intersecting the central axis of the stator at 
an angle differing from 90 ' at such a distance that 
25 the central axis of the stator lies in a tangent plane 
to the cylinder. 

With this shape of blade the stator is simple to 
cast. In this way all stators will be identical, and 
very good reproducibility is obtained. 
oo The device Is preferably further designed in 
such a way that a flat face part, passing through 
the central axis of the stator, connects to the cir- 
cular cylindrical part of the stator face up to the 
inflow edge, the axial measurement of said flat face 
35 part decreasing from the hub to the peripheral 
edge. This provides In the first place a certain 
length for the connection between each blade and 
the hub, while the curved part of the blade need 
not then be directly connected to the hub. More- 
40 over, with decreasing radial distance - where the 
dimension of the blade decreases in the direction 
of flow through the basic idea of the invention - an 
enlargement of the blade is achieved in that direc- 
tion, so that a better inflow is obtained, and thus a 
45 better guidance of the flow lines of the gases. 

With the design ideas as described above, 
there are a few further dimensioning freedoms. 
Investigations revealed that excellent results can be 
obtained with a design which is characterized in 
so that the angle at which the above-mentioned cen- 
tral axes intersect each other is about 60* , and In 
that each blade takes up a sector of 45* , viewed in 
the axial direction of the stator. This can then also 
be designed in such a way that the outflow edge of 
each blade lies in a plane which lies a short dis- 



3 



EP 0 369 506 A1 



4 



tance from, and next to, but parallel to the central 
axis of the stator, thus the central axis of the 
instrument. In this way, good flow properties are 
combined with good castability. 

It is possible to strengthen the vortex while the 
air resistance of the instrument remains virtually 
the same. This is achieved in a preferred embodi- 
ment which is characterized in that the stator is 
accommodated in a flow pipe which is initially 
circular cylindrical from the inflow edges of the 
blades and then converges towards a circular cylin- 
drical centre piece containing the rotor. 

The invention will be explained below with ref- 
erence to the appended drawing of a preferred 
embodiment. 

Fig. 1 shows the sensor of the flowmeter in 
axial cross-section; 

Fig. 2 shows separately in perspective a 
stator unit seen from the outflow side; 

Rg. 3 gives a straight side view of the stator 
unit of Fig. 2; and 

Rg. 4 gives a corresponding axial view from 
the inflow side; 

Fig. 5 is a design drawing for the shape of a 

blade; 

Fig. 6 is a view of a filter used, with a detail 
thereof on an enlarged scale in Rg. 6A; 

Rgs. 7 and 8 illustrate how the sensor with a 
separate element carrying the optical means can 
be fixed relative to a measuring head. 

The sensor, indicated in its entirety by 1, is 
shown in axial cross-section in Fig. 1. The housing 
thereof comprises a connecting piece 2 having on 
either side a stator unit 3, 3', said stator units being 
of identical design. 

A stator unit 3 is shown separately in perspec- 
tive in Fig. 2. It is made up of a ring 4, which forms 
part of the housing by being glued against the 
connecting piece 2, and which carries a number of 
biades, one of which is indicated by 5, said blades 
being connected at the other side to a hub 6. In the 
preferred embodiment of the invention there are 
eight of such blades 5 present. It can be seen from 
the axial end view of Fig. 4 that each blade 5 lies 
within a circle sector of 45* of the stator unit, while 
for the further details of the curved blades refer- 
ence is made to Rgs. 3 and 5. Rrst. however, a 
few comments on the terminology. For the sake of 
simplicity, the end edges 7 of the blades will be 
described as "inflow edges"; these are the edges 
which face the outside of the sensor unit. The 
edges scuh as 8 are called "outflow edges"; these 
are the edges facing inwards, I.e. towards the rotor. 
This terminology Is thus correct for the stator unit 
which lies at the side where the gas goes into the 
instrument. In a particular working position these 
names of the end edges of the blades are inter- 
changeable for the other stator unit. It must, how- 



ever, be remembered that the instrument can op- 
erate in two directions, so that the correct names 
would have to be reversed again then. It is, how- 
ever, felt that for the description of the shape a 
5 simplified terminology can suffice. 

The radially inward-lying ends of the individual 
stator blades such as 8 are carried by the hub 6. 
Prior to the further description, it is already pointed 
out here that the whole stator as shown in Rgs. 3 
io and 4 in the preferred embodiment is made as a 
single casting. The hub is thus not a rotating part. 
However, the hubs of the two stator units have 
bearings, so that a shaft 10 is rotatable between 
them, said shaft bearing the rotor 11 which In a 
;5 manner known per se js a flat plate, normally called 
a vane, which lies in an axial plane relative to the 
shaft 10 or the central axis 12 of the two stators 
and the central axis of the whole housing. 

The design drawing of Fig. 5 shows a blade 5, 
20 a cross-section through the peripheral ring 4, the 
inflow edge 7 of the blade and the outflow 8 
thereof, and the hub 6. The inflow edge 7 is 
straight. Drawn through the point 13 where the 
inflow edge 7 reaches the peripheral ring 4 is a 
25 construction line 14 which forms the central axis of 
an imaginary circular cylinder 15. This central axis 
14 forms an angle of 30* with a construction line 
16 through the point 13, at right angles to and 
passing through the central axis 12 of the hub. This 
30 thus corresponds to an angle of 60* relative to 
said central axis 12 of the hub. 

In Rg. 5 at the top a view towards the blade 5 
is added, viewed along the direction of the central 
axis 14 of the cylinder; this central axis is indicated 
as here by 14'. A part of the cylinder 15, indicated by 
17, corresponding to a quarter of the cylinder, thus 
90*, Is determining for the shape of the curved 
part of blade 5 which is indicated by 18; in other 
words: the curved part 18 of the blade is circular 
40 cylindrical in shape. This part ends at the place 
which is shown by 19 at the top of Fig. 5, while 
another part indicated by 20 which is flat connects 
tangentially thereto. The circular cylindrical part 18 
of the blade is thus bounded by the line between 
45 the points 13 and 21, in the design drawing in line 
with the central axis 14 of the cylinder. 

The flat part 20 forms the projection of a part 
22 of the blade which connects to the curved part 
18 and is bounded by the straight part between the 
so points 12 and 21, the inflow edge 7 which runs 
between the same point 12 and the connecting 
point 23 on the hub 6, and then, of course, the line 
between the above-mentioned points 21 and 23 
where the blade Is connected to the hub. This fiat 
55 part 22 thus lies in an axial plane. The air arriving 
In the axial direction will thus first follow this axial 
part 22, and the air will be deflected only from the 
line between the points 12 and 21 onwards. 



5 EP 0 369 506 A1 6 



Since the part 22 of the blade must run purely 
axial ly and, of course, the curved part must con- 
nect uniformly thereto, In the design drawing of 
Fig. 5 the part 20, as already stated, runs tangen- 
tially to the cylinder in the point 19. In this way it is 
also possible to determine where the central axis 
14, 14 of the cylinder intersects the central axis 12 
of the stator. This distance can be so defined that it 
is such that the central axis 12 of the stator lies in 
a tangent plane to the cylinder 15/17. The distance 
at which the two central axes intersect each other 
is thus equal to the radius of the cylinder 15/17. 

It can be seen that the direction of the inflow 
edge 7 forms an angle of 15* with the line 16 at 
right angles to the central axis 12 of the hub or the 
stator, thus 75* relative to said central axis. It is 
conceivable to make this angle slightly larger or 
smaller without doing away with the effect on the 
flow. The point 23 would thereby shift slightly to 
the left, or slightly to the right, for which it would 
only be necessary for the hub 6 also to be ex- 
tended slightly further to the right. In all cases the 
part 22 of the blade face directly behind the flow 
edge 7 remains running axially. 

The course of the outflow edge 8 is selected in 
the manner shown in Fig. 4. The design of the 
curved part 18 of the blade shape is simply "cut 
off" along a plane which from the point 24 in Fig. 4 
- corresponding to the projection of the connecting 
line between the points 21 and 23 in Fig. 5 • runs 
parallel to the central axis 12 of the stator, at a 
short distance from and next to an imaginary plane 
25 through said central axis 12 (thus a radial 
plane). Through this selection, a suitable uniform 
rate distribution is achieved at the side of the 
outflow edge if two other parameters, namely the 
sector angle of 45* within which each blade 5 lies 
(so that there are thus eight blades) and the angle 
of approximately 30* between the lines 14 and 16, 
correspond, as already said, to approximately 60* 
between the cylinder central axis 14 and the cen- 
tral axis 12 of the stator. 

It is conceivable for the flow pipe which is 
formed by the interior of the housing to be fully 
circular cylindrical. In that case the blade simply 
runs - on the design principles described with 
reference to Fig. 5 - right through to the outside up 
to the cylindrical inside wall of the flow pipe, in the 
preferred embodiment of the invention this flow 
pipe is, however, given a certain convergence. 
While the interior of the ring 3 of the stator unit is 
cylindrical, the flow pipe converges thereafter, as 
indicated by 27 in Fig. 1 . It can also be seen from 
Rg. 1 that this convergent part 27 of the flow pipe 
essentially runs as far as the outflow edges 8 of the 
blades. Through this convergence a strengthening 
of the vortex is achieved, thus an increase in the 
rate of flow of the gases at the outflow edges of the 



blades, while the air resistance of the instrument as 
a whole remains virtually unchanged. In any case 
this applies to the dimension ratios drawn to scale 
in which the diameter of the flow pipe in the 
s convergent piece 27 is reduced to about 20%. This 
thus means a narrowing of the surface of the flow 
cross-section to slightly more than 60%. 

The principles described for the shaping of the 
blades mean that the gas particles are as far as 
70 possible given the same angular velocity at all 
radial distances. In this way a maximum driving 
couple is achieved on the vane. 

As a result of the reproducibility of the sensitiv- 
ity characteristic, the instrument can be used in 
is both positions. However, insofar as the flowmeter is 
used in equipment for the analysis of breathing air, 
it is advisable to provide a filter at the air infeed 
side. Figs. 6 and 6a show a preferred embodiment 
of such a filter. It comprises a disc which is in- 
20 dicated in its entirety by 29. With the exception of 
an area 30 along the periphery and a central area 
31, it is provided with a pattern of holes which is 
shown enlarged in Fig. 6a. For this, according to 
the invention a honeycomb pattern is selected be- 
26 cause with it, contrary to where a pattern made up 
of circular openings is used, the least air resistance 
is achieved. For practical use it has been found 
beneficial if the measurement d1 of the hexagonaJ 
holes is approximately 1 mm and the measurement 
30 d2 of the material between adjacent holes is ap- 
proximately 0.25 mm. Another advantage of this 
filter is that it considerably improves the regularity 
in the air flow at the infeed side of the sensor. This 
is important because in various applications the 
35 sensor is a very short distance from the mouth, 
and because breathing air in the nature of things 
can create a great vortex at high air velocities. 

The filter 29 can also be seen in Fig. 1, to- 
gether with a pin 32 by means of which it can be 
40 fixed in an aperture in the end of the hub 9. 

The embodiment described has a dynamic 
range of 1 : 1000. 

The fact that in the interior of the housing 2 of 
the sensor the converging parts 27 are present with 
45 a smaller cross-section of the part 28 where the 
rotor is located provides an interesting new pos- 
sibility. If in fact, as already shown in Rg. 1, the 
housing 2 of the sensor is also provided on the 
outside with a central part 34 with reduced diam- 
50 eter, the sensor 2 can be fitted in the measuring 
head 35 with a design which is shown in Rgs. 7 
and 8. The head 35 is essentially cylindrical, so 
that the sensor unit 2 can be inserted into it in the 
direction of arrow P1 in Rg. 7. The wail of the head 
55 35 is now provided with a recess 36 in the form of 
a circle sector - in the embodiment shown approxi- 
mately 180* - but it can also be smaller. Into it fits 
a loose part 37 which is shaped like a circle sector 
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and has at least a light source such as 38 and a 
cell 39 of the optical system with which the revolu- 
tions of the rotor are recorded, and which can be 
connected by means of a cable 40 to the remain- 
ing electronics of the device. 

As can be seen from Fig. 8, the radial dimen- 
sion of this loose piece 37 is greater than the wall 
thickness of the head 35, so that the part 37 then 
projects further inwards, up to the point of the 
narrowed central part 34 of the sensor unit 2. When 
the part 37 is removed, the sensor unit can be 
taken out of the head while, conversely, after axial 
sliding in of the sensor unit 2 into the head 35 in 
the direction of arrow P1 and subsequent placing 
of the part 37 in the radial direction according to 
the arrow P2, the sensor unit 2 is secured. 

As a measure for securing the circle sector- 
shaped loose part 37 relative to the head 35, the 
invention provides the following design solution. A 
part 41 of the head is designed as a ring which 
with screw thread 42 is rotatable relative to the part 
43 which still remains within the radial dimension of 
the head. The screw ring is provided on the side 
facing the recess 36 with a rib 44 over a part of the 
periphery, while the part 37 is provided with a 
corresponding groove 45 (compare also Fig. 7). If 
the rib 44 is in the hollow of the recess 36, it will 
engage in the groove 45 insofar as the part 37 is 
inserted there. Loosening the ring 38 a half turn will 
make the rib 44 disappear outside the recess, so 
that the part 37 is released and can be removed in 
the direction opposite to that of the arrow P2 in Fig. 
7. 



Claims 

1. Rowmeter for gases, the sensor of which 
has a housing (1) which is open at two opposite 
ends for the infeed and discharge of the gases to 
be measured, and in which a rotor (11) is rotatable 
about an axis (10) between two stators (3, 3 ) which 
consist of deflection blades which are substantially 
at right angles to the said axis, while optical means 
are present to detect the rotation of the rotor (11) 
and convert it into an electrical output signal, char- 
acterized in that each of the stator blades (5) has 
a curved course between an inflow edge (7), where 
the blade face from the hub (9) to the periphery 
runs substantially axially, and an outflow edge (8). 
where the blade forms an angle with the axial 
direction which depends on the distance from the 
hub. 

2. Device according to Claim 1, characterized 
in that the blade face is at least partially (18) 
formed by a circular cylindrical face (15/17), the 
central axis (14/14') of said cylinder intersecting 
the central axis (12) of the stator at an angle 



differing from 90* at such a distance that the 
central axis of the stator lies in a tangent plane to 
the cylinder. 

3. Device according to Claim 2, characterized 
5 in that a flat face part (22), passing through the 

central axis (12) of the stator, connects to the 
circular cylindrical part (18) of the stator face up to 
the inflow edge (7), the axial measurement of said 
flat face part (22) decreasing from the hub (9) to 
70 the peripheral edge (4). 

4. Device according to Claim 3, characterized 
In that the angle at which the above-mentioned 
central axes intersect each other is about 60 * , and 
in that each blade (5) takes up a sector of 45 " , 

15 viewed in the axial direction of the stator. 

5. Device according to Claim 3 or 4, char- 
acterized In that the Inflow edge (7) lies in a 
radial plane of the stator at an angle of approxi- 
mately 75* relative to the central axis (12). 

20 6. Device according to any of Claims 1 - 5, 
characterized In that the stator is accommodated 
in a flow pipe which is initially circular cylindrical 
from the inflow edges (7) of the blades (5) and then 
converges (27) towards a circular cylindrical centre 

25 piece (28) containing the rotor (11). 

7. Device according to any of Claims 1 • 6, 
characterized in that the blades (5) and the hub 
(9) forming the stator (3, 3') are designed as a 
separate casting with an annular peripheral part (4) 

30 of the housing. 

8. Device according to Claims 6 and 7, char- 
acterized In that a connecting piece of the hous- 
ing (2) is formed by the circular cylindrical centre 
piece (28) with the two convergent parts (27), to 

35 which the annular peripheral parts (4) of the stators 
(3, 3') are fixed in a close-fitting manner. 

9. Device according to any of the preceding 
Claims, characterized in that the outflow edge (8) 
of the blade (5) lies in a plane next to, but parallel 

40 to a radial line (25) through the central axis (12) of 
the rotor or the sensor, respectively. 

10. Device according to any of Claims 6-9, 
characterized in that the housing of the sensor is 
also provided externally with a centre piece (34) 

45 with reduced diameter, and that this sensor is fitted 
in a holder or head (35) which is provided with a 
circle sector-shaped recess (36) in the wall into 
which a separate, also circle sector-shaped, part 
(37) can be inserted, which carries parts of the 

50 optical system, and with a radial dimension which 
is greater than the wall thickness of the holder or 
head (35). in such a way that this part comes to 
rest at the centre piece (34) of the housing of the 
sensor (2) and thereby secures the latter against 

55 axial leaving of the housing or the head (35). 

11. Device according to Claim 10, character- 
ized in that the circular piece is retained relative 
to the housing or the head (35) by a screw ring 
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(38) which is provided with a rib (41) which mates 
with a groove (42) in the part (37). 



5 



10 



15 



20 



25 



30 



35 



40 



45 



55 



EP 0 369 506 A1 




EP 0 369 506 A1 




EP 0 369 506 A1 




EP 0 369 506 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 20 2674 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant. CI.5) 



US-A-3 922 525 ( KOZAK) 
* Column 1, lines 6-9,37-50; column 2, 
lines 17-30; column 2, line 17 - column 
3, line 58; figures l-3a * 



US-A-3 792 611 (KOZAK) 

* Column 1, lines 7-14; column 4, line 

25 - column 5, line 47; figures 1,2,4,5 



US-A-3 240 063 (BRUECKNER) 

* Column 3, lines 36-44; figures 4,5 * 

BIOMEDIZINISCHE TECHNIK, vol. 21, no. 
8, 1976, pages 228-230; R. 
SCHNEIDERREIT: "Das W1rbelresp1rometer 
- ein Gerat zum Erfassen der 
Atemstromgeschwindigkelt in belden 
Atemphasen nach dem Flugelradsystem" 

* Page 229, left-hand column, last 
paragraph - right-hand column, first 
paragraph; figure 1 * 



The present search report has been drawn up for all claims 



1,7 



1,7 

2 
4 



G 01 F 1/10 



TECHNICAL FIELDS 
SEARCHED (Int. Ci.5) 



G 01 F 

A 61 B 



Place of search 

THE HAGUE 



Dale of completion of the 

21-02-1990 



HEINSIUS R. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document died in the application 
L : document cited for other reasons 

&7mrao«cf*the same patent family, corresponding 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ lines OR MARKS ON ORIGINAL DOCUMENT 

I^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



